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METHOD FOR PRODUCING OPTICAL FIBERS HAVING ENHANCED 
PHOTOSENSITIVITY AND FIBERS PRODUCED BY THE METHOD 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the production of optical fibers and more 
specifically to a method of producing optical fibers having enhanced photosensitivity. 

BACKGROUND OF THE INVENTION 

[0002] Optical fibers are used in a variety of applications, including 
communications systems, optical computers, laser tuning devices, and the like. Optical 
fibers, generally having a diameter in cross-section of about 125 jxm are composed of at 
least two portions, a central core and a cladding layer disposed about the core. The 
cladding layer has an index of refraction which is less than that of the core, with a 
typical index variation from the core to the cladding layer being in the range from about 
0.003 to 0.03. 

[0003] Typically, in the manufacture of optical fiber, a glass layer, e.g. a glass rod 
is formed and molten glass is formed by suspending the rod in a furnace. The optical 
fiber is drawn from the molten glass by a capstan, or other mechanism to form the fiber. 
Conventionally, the draw temperature is between 2025°C and 2045°C. 

[0004] It is well known to form gratings, such as Bragg gratings or long period 
gratings, in optical fibers to change the characteristics of the fiber for various 
applications such as wavelength division multiplexing (WDM), filtering, gain 
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flattening, laser tuning and the like. Such gratings can be formed by creating portions 
of the fiber having a different index of refraction with respect to adjacent portions of 
the fiber. The changes in index of refraction can be accomplished by exposing the fiber 
to a focused source of radiation, such as ultraviolet (UV) light in the wavelength range 
of 193nm to 248nm, inclusive. There are several theories on how UV exposure 
changes the index of refraction. One theory is that there is a photo-induced stress 
relaxation effect caused by the breaking of bending defects. Another theory is that the 
UV radiation induces a rearrangement of the molecular structure leading to compaction 
of the glass matrix. In any event, it is well accepted that UV radiation can be used to 
alter the index of refraction in optical fibers and several methods for doing so, such as 
the "holographic method", are well known. 

[0005] In some cases, enhanced photosensitivity of optical fibers has been linked to 
the presence of draw induces defects (DIDs) which are transformed during the drawing 
process into Ge related oxygen deficient centers (GODCs). It is known to foster such 
transformation by adjusting drawn tension of the optical fibers. 

SUMMARY OF THE INVENTION 

[0006] A first aspect of the invention is a method for manufacturing optical fiber 
with enhanced photosensitivity comprising the steps of forming a molten layer of glass 
and drawing a fiber from the molten layer of glass at a temperature of between about 
1900^C and 1995X. 

[0007] A second aspect of the invention is an improved method for manufacturing 
optical fiber with enhanced photosensitivity of the type wherein the fiber is drawn from 
a molten layer of glass at a predetermined temperature and a predetermined tension and 
at a predetermined rate. The improvement comprises the step of lowering the 
temperature that the fiber is drawn at between about 2% and 3% while increasing said 
preselected draw tension. 

[0008] A third aspect of the invention is a method for manufacturing optical fiber 
with enhanced photosensitivity comprising the step of drawing the fiber from a molten 
layer of glass at a temperature of about 1985''C and a tension of about 200 gm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention is described through a preferred embodiment and the drawing 
in which: 

[0010] Fig. 1 is a schematic illustration of an apparatus for forming optical fibers in 
accordance with a preferred embodiment of the invention; 

[0011] Fig. 2 is a graph illustrating results of testing on examples of optical fibers; 
and 

[0012] Fig. 3 is a flow chart of a manufacturing method in accordance with the 
preferred embodiment, 

DETAILED DESCRIPTION 

[0013] Glass layers, such as rods, used to form optical fibers of the preferred 
embodiment can be formed in any manner, hi the preferred embodiment, rods are 
formed by a Modified Chemical Vapor Deposition (MCVD) process in which the 
chemicals, such as GeCU and SiCU, with oxygen and other gases, are caused to flow 
into one end of a silica tube. The tube is heated to ignite the chemicals and to cause a 
reaction forming massive small glass particles, known as "soot", which is deposited 
onto the inner surface of the tube. The heated tube then sinters the particles to form 
layers of glass corresponding to the core and the cladding of a fiber. This process is 
repeated until a desired glass material is formed. The tube is then collapsed under a 
reduced condition to form a glass rod from which an optical fiber can be drawn. 

[0014] Fig. 1 illustrates an apparatus in accordance with a preferred embodiment 
for forming optical fibers. Draw furnace 10 includes suspension device 12, from which 
glass rod 14 can be suspended, and draw mechanism 16 (such as a capstan). Further, 
draw furnace 10 includes heating element 22, for raising the temperature in draw 
furnace 10 and controller 20 operatively couple to heating element 22 to control 
activation of heating element 22 and thus control the temperature in draw furnace 10. 
Controller 20 can be a solid state microprocessor device or any other device for 
controlling temperature and can include any type of sensor for providing closed loop or 
other types of control. 
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[0015] Glass rod 14 is heated by heating element 22 until at least a portion thereof 
proximate drawing mechanism 16 is molten. Drawing mechanism 16 is then activated 
to draw glass rod 14 at a predetermined tension to form the optical fiber 18 with the 
core and the cladding. 

[0016] Applicant has discovered that controlling the draw temperature, i.e. the 
temperature of the molten end of glass rod 14, in a precise manner increases 
photosensitivity of the resulting optical fiber after drawing. Possibly, draw induced 
defects (DIDs) are more efficiently transformed during the drawing process into Ge 
related oxygen deficient centers (GODCs) in the resulting fiber. As noted above, an 
increased presence of GODCs is linked to enhanced photosensitivity of the resulting 
fiber. 

[0017] Fig. 2 is a graph of normalized modulated index (a unitless standard for 
grating forming efficiency) versus draw tension, showing curves for six different types 
of fibers drawn at a temperature of 2035''C and two types of fibers drawn at constant 
draw tension and variable draw temperature. Curves C and D correspond to Ge and B 
co-doped Si fibers. Curves A, B, E, F, G, and H correspond to Ge-Si fibers. Fibers 
corresponding to curves G and H were drawn at constant draw tension of 200g and 
varying draw temperatures. 

[0018] Curves A, B, C, D, E, and F confirm that the normalized modulated index of 
the fibers increases slightly as draw tension increases. As noted above, curves G and H 
represent curves for respective fibers drawn at a constant tension of 200g with draw 
temperature varied between 1985°C and 2035''C. It can be seen that the normalized 
modulated index of the fibers increases dramatically as draw temperature is lowered 
from 2035*'C to 1985''C. Although the temperatures can be lowered to 1900° if the 
draw speed is significantly reduced (to 1 to 3 m/sec), at draw temperatures below 
1900*'C it is difficult to reliably manufacture fibers without breakage and undesirable 
imperfections. 

[0019] The test results presented in Fig. 2 illustrate the critical relationship between 
draw temperature and photosensitivity, normalized modulated index in particular. Li 
particular, applicant has discovered that a reduction in draw temperature to a critical 
range of between 1975''C and 1995°C, inclusive, results in improved photosensitivity 
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for the purpose of forming optical gratings in the fiber. More preferably, the draw 
temperature is in the range of 1980*^0 to 1990°C, inclusive, and more preferably about 
1985°C. The preferred embodiment uses a draw temperature that is about 2-3% lower 
than conventional draw temperatures. Draw tension can be adjusted to provide a 
desired draw rate at the lower draw temperature. Preferably draw tension is in the 
range of lOOg to 250g, inclusive and more preferably about 200g. 

[0020] Fig. 3 illustrates the method of manufacturing optical fibers in accordance 
with the preferred embodiment. In step 100, a glass layer is formed in the form of rod 
16. Step 100 can be accomphshed using the MCVD process described above, using a 
standard chemical vapor deposition process (CVD), or in any other in any manner. 
Further, the layer can be doped in any desired manner, such as with germanium, to 
provide a doped fiber core. 

[0021] In step, 1 10, the rod is heated to a molten state at a temperature of 1975°C- 
1995''C by controlling heating element 22 with controller 20 and drawn, by draw 
mechanism 16, at a constant tension somewhere in the range of 100-250g in step 120. 
In step 130, a grating is written on the drawn fiber by exposing the fiber to ultraviolet 
radiation in the range of about 240-248 nm. 

[0022] The invention can be applied to any type of optical fiber. Further, the 
invention is applicable to any type of grating formed by radiation. The fibers can be 
formed in various ways, from various materials, using various processes. 

[0023] The invention has been described through a preferred embodiment. 
However, various modifications can be made without departing from the scope of the 
invention as defined by the appended claims and legal equivalents. 
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